
% Office I 



PCT/GB 2004 / 0 0 3 3 7 5 




INVESTOR IN PEOPLE 



COMPLIANCE TOh D1N 
I RULE 17.1(a) OR (b) 



The Patent Office 
Concept House 
Cardiff Road 
Newport 
South Wales 
NP10 8QQ 



Recd 2 7 AUG 



WIPO 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



PCT 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p. I.e. , 
pic, P.L.C. or PLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 



Signed < 7fpl V ) ijL^ x 

Dated 13 August 2004 r 



C, 
o 



Pa_ its Form 1/77 

■Act 1977 



Request for grant of a pai 

(See the notes on the bach of this form. You can 
an explanatory leaflet from the Patent Office to 
you fOt in this form) 



Office 





0^U803 E827714-3 006528. 



pai/7700 0.03-0318238.3 

The Patent Office 

Cardiff Road 
Newport 
Gwent NP9 1RH 



1 . Your reference 



GBP14622A,,. 



2. Patent application number 

(The Patent Office uHU fill in this part) 



U4 AUG 2003 



0318238.3 



3. Full name, address and postcode of the or of 
each applicant (underline aU surnames) 



Patents ADP number (if you know it) 

If the, applicant is a corporate body, give the 
country/state of its incorporation 



4. Title of the invention 



Seiko Epson Corporation 
4-rl , . Nishishinjtiku 2-chome 
Shinjuku-ku 
Tokyo 163-0811 

Japan ADP: 05608948002^ 

Tokyo, Jap'an 



Differential Circuits 



5. Name of your agent Of you bave one) 

"Address for service" in the United Kingdom 
to which all correspondence should be sent 

(including the postcode) 



Miller Sturt Kenyon 
9 John Street 
London WC1N 2ES 



Patents ADP number (if you know it) 



07395486001 



6. If you are declaring priority from one or more 
.» earlier patent appUcations* give the country . 
~..y>* and the date of filing of the or of. each of these 

earlier applications and (if you know it) the or 

each application number, , . 



Country Priority application number Date of filing 

Of you know it) (day / month / year) 



7. If this application is divided or otherwise 
derived from an earlier UK application, 
• give the number and the filing date of 
the earlier application 



Number of earlier application 



Date of filing 
(day / month /year) 



Is a statement of inventorship and of right 
to grant of a patent required in support of 
this request? (Answer *Yes' if: 

a) any applicant named in part 3 Is not an inventor, or 

b) there is an inventor who is not named as an 
applicant, or 

c) any named applicant is a corporate body. 
See note 00) 



Yes 



Patents Form 1/77 

9 Enter the number of sheets for any of the 

foUowmg Atems you are.Sling with this. form. 
— Do-not co^fltcop&s of fthe.same document 

Continuation sheets of thfe form 
Description 

Claims 
Abstract 

Drawings 

10. If you are also filing any of the following, 
state how many against each item. 

Priority documents 
Translations of priority documents 

Statement of inventorship and right 
to grant of a patent (Patents Form 7/77) 

Request for preliminary examination 
and search (Patents Form 9/77) 




10 
3 

1 

16 




Request for substantive examination 
(Patents Form 10/77) 




Date 



Signature 

fl\ //A- <ZhJL /^^^- -^h August 2003 



12. Name and daytime telephone number of 
person to contact in the United Kingdom 



C M Sturt 020 7242 5974 



Warning . mnntraUer of the Patent Office will consider whether publication 

After an application for a patent bos been filed, tb l^^f r ^^ under Section 22 of the Patents Act 1977. You 
o" communication, of We invention ^^f^^^^^^^^i^*^ if you live in the 
will be informed if it is necessary to prohibit or restrict your in » e ™°"'"™*;™"* oatent without first getting 

United Kingdom, 'section 23 of the Patents Act ^Jstofisyou^^^ap^^ beforeban d in the 
written permission from the Patent Office unless an application bos : ^ZprZbtm ng publication or 
United Kingdom for a patent for the same invention and either no dirertion promomng P 
■ c^™nicltionbasteengiven,ora 

7?/y>u n^^flWn Worm or you ^ any q ues H on S . ^ con««* Qfi*. on 064, ,00,0,. 

attached to this form. 

d) If you have answered 'Yes- Patents Form 7/77 will need to be filed 

e) Once you have filled In the form you must remember to sign and date it. 

f) For details of the fee and ways to pay please contact the Patent Office. 



1 



Differential Circuits 

The present invention relates to differential circuits. Such circuits are used in a 
wide range of electronic devices including, for example, active matrix display devices. 

The conventional circuit symbol and graphical definition of a differential voltage 
comparator are given in Figures 1(a) and 1(b) respectively. The output voltage V OUT is 
related to the two input voltages at nodes P and N (i.e. V P and V N ) by: 

V OU t = V dd if(V P -V N -V os )>V Sensitivi)y 

Your = Vss if (V p - V N - V os ) < 

Vss<V OUT <V DD if |V P -V N -V 0S |<V Sensitivily 

where V DD and are the voltages of the supply rails, V os is the input offeet-voltage 
caused by non-ideal transistor characteristics, and V Sensitivity is 'the niinimum difference 
between input voltages before a full output swing (V DD -Vss) can occur. 

A conventional differential voltage comparator consists of two stages of 
amplifiers, as is well known in the art. It consists of a differential amplifier circuit as 
shown in Figures 2 and 3 to perform an amplification of the voltage difference between 
its two inputs V P and V N . For optimum operation, a pair of input transistors T 3 and T 4 
identical in characteristics are required to connect to a pair of identical current-mirror 
transistors T, and T 2 . In figure 2 the inputs are NMOS and in figure 3 the inputs are 
PMOS. 

In theory, transistors with the same channel width and length (W and L) 
dimensions should behave identically. This is normally the case for single crystal 



technology. However, when the device feature size approaches the sub-micron level, 
spatial variation of transistor characteristics, although small in absolute terms, becomes 
a problem. This is because the variation becomes large in relation to the operating 
voltages. However, when the variation can be described by a linear function of position, 
this problem can be solved by choosing an appropriate topology for the transistors such 
that the effect of variation is averaged out In the case of Thin Film Transistor (TFT) 
technology, the spatial variation of transistor characteristics is large (in absolute and 
relative terms) and is randomly distributed. The topological approach cannot be used. 
An object of the present invention is to solve this problem. 

The effect of a random spatial variation of transistor characteristics on a 
conventional comparator circuit comprising a differential-pair is an unpredictable V os - 
One proposed solution is to implement additional switches and a capacitor network for 
detecting and canceling any input offset-voltage V os caused by the non-ideal transistor 
characteristics of the comparator circuit. This is effective, but it increases the 
component count. 

Another solution is not to use a differential-pair. A charge-balance differential- 
voltage comparator requires only the matching of capacitances. Capacitances are easier 
to match than transistors. 

A solution to solve the current-mirror pair problem is to use a single-transistor 
current-mirror as shown in Figure 4a. This circuit requires two non-overlapping clock 
pulses O, and <J> 2 to operate. The input current 1^ sets the gate bias voltage V 0S1 for 
transistor T x when the switches Sj and S 2 are turned on. This bias condition is stored 
across C, and mirrors the I IN as output current 1^ on T, when S 3 is turned on. Figure 



4b explains the operation graphicaUy. The current level at point A when O, is high is 

« 

similar to the current level at point B when <D 2 is high (i.e. 1^ « 1^), thus achieving the 
cuiTent-miiror function. In the illustrated circuit the load is a passive device. 

According to the present invention a single transistor current-mirror is 
interfaced with a suitable load in combination with a suitable set of switches to 
accomplish a comparator function. The comparator function is, thus, not influenced by 
the spatial distribution of transistor characteristics. 

Embodiments of the present invention will now be described by way of further 
example only and with reference to the accompanying drawings, in which:- 

Figures 1(a) and 1(b) show the conventional circuit symbol and graphical definition of a 
differential voltage comparator, respectively; 

Figure 2 shows the input stage of a conventional comparator circuit using a differential 
pair with NMOS inputs; 

Figure 3 shows the input stage of a conventional comparator circuit using a differential 
pair with PMOS inputs; 

Figures 4(a) and 4(b) respectively show a single transistor current-mirror and a 
graphical description of the operation of that circuit; 

Figures 5(a) and 5(b) respectively a circuit according to an embodiment of the present 
invention and a graphical representation of the operation of that circuit; 

Figure 6 symbolically illustrates the internal mechanism of a differential comparator 
according to an embodiment of the present invention; 

Figure 7 shows the driving waveform of the circuit of figure 6; 



Figure 8 illustrates a circuit according to an embodiment of the present invention; 
Figure 9 illustrates a circuit according to another embodiment of the present invention; 
Figure 10 illustrates a circuit according to a further embodiment of the present 
invention; 

Figure 11 illustrates the interface of the circuit of one of the embodiments with a 
following stage in an electronic device; 

Figure 12 illustrates another example of the interface of the circuit of one of the 
embodiments with a following stage in an electronic device; 

Figure 13(a) illustrates another embodiment of a circuit according to the present 
invention and figure 13(b) shows the driving waveforms for that circuit; 
Figure 14 illustrates a modified form of 1he circuit of figure 8; 
Figure 15 shows simulation results for the circuit of figure 9; 

Figure 16 is a symbolic representation of a differential comparator according to the 
present invention including an output stage; 
Figure 17 is a variation of figure 16; 

Figure 18 is a detailed diagram of a circuit in accordance with the present invention; 
Figure 19 is a circuit diagram illustrating the input stage of an active matrix sensor cell; 
Figure 20 is a circuit diagram illustrating a current sensor having a discrirninator circuit 
and an output stage; 

Figure 21 is a block diagram useful in explaining the driving method of a multiplexed 
current sensor for use in a finger print sensor; and 
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Figure 22 is a timing diagram of a multiplexed current sensor for use in a finger print 
sensor. 

Embodiments of the present invention will now be described in relation to a 
differential-current comparator circuit. A method of converting this circuit to a * 
differential-voltage comparator will be described subsequently. 

A circuit according to an embodiment of the present invention is illustrated in 
figure 5 a. A single-transistor current mirror comprises a transistor Ti with a capacitor 
C x connected between the source and gate thereof and a switch S 3 connected between 
the gate and the drain thereof. The switch S3 is operated by a control signal. The 
single-transistor current-mirror circuit is connected to two current sources that sink 1^ 
and Isen through switches S 10 and S xl driven by two non-overlapping clock signals ® x 
and 0 23 respectively. The control signal to the single-transistoi; current-mirror circuit is 
connected to <S> V The output of this circuit is at node C, and the voltage at this node is 
referred to as V c . 

The operation of this circuit is as follows. 

Stepl: 

<b x goes high while <E> 2 remains low. Switches S 3 and S 10 are now closed. This 
allows Iref to flow through the diode-connected transistor T x and causes a 
voltage (equal to V GS3 , the gate-source voltage of transistor Tj) to appear across 
the capacitor Cj. The value of C x and the on-resistances of switch S 3 dominate 
the charge-up time. At the end of this cycle, V c settles at a voltage V C1 . 

Intermediate Step: 
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Both <3E>i and <t> 2 are low. All switches are opened. Both current sources are 
disconnected from the single-transistor current-mirror circuit. The output 
voltage V c is floating, or is determined by discharging through the output load 
(not shown) connected to node C. 

Step 2: 

0> 2 goes high while Oj remains low. Switch S n is closed. The circuit is now 
configured as a source-follower amplifier with a current-source load. The output 
voltage is determined by the current source I SEN . As shown in Figure 5b, at 
steady-state, if I SEN = I SEN2 ,which is greater than V c will be less than V cx . 
However, ifI SEN = L^,, which is less than W V c will be greater than V C1 . 
Figure 6 shows a symbol for this differential-current comparator circuit with 
voltage output. The required driving waveform is given in Figure 7. 

Figure 8 illustrates a specific example embodiment for the basic schematic as 
shown in Figure 5a. The switches S 3 , S, 0 and S„ in Figure 5a are replaced with n- 
channel transistors T 3 , T 10 and T u , respectively. P-channel transistors, in principle, can 
also be used, but n-channel transistors are preferred because they have a lower on- 
resistance and hence smaller transistor sizes will be needed. As a result, the voltage 
feed-through effect of O, and 0 2 into nodes C and M is reduced. 

The implementation of the current sources depends on the actual applications. 
One or both of them can be implemented as independent transistors, such as T, 2 and T, 3 
in Embodiment 2 as shown in Figure 9, biased to operate in the saturation region. In 
Embodiment 2, voltages V P and V N controls T I2 and T, 3 to produce 1^ and L^, 
respectively. Although the circuit looks like a differential-voltage comparator, care 



must be taken if it is used as one because the trans-conductance of transistors T l2 and T 13 
may not have the same characteristic (although they are the same size). The circuit as 
shown in Figure 10 illustrates how the circuit can be used as a differential-voltage 
comparator. Transistors T 12 and T 13 are merged into a single transistor T M , with its gate 
terminal connected to V P or V N via transistor switches T 10 and T u> controlled by <Dj and 
<X> 2 , respectively. 

The circuits illustrated in Figures 5a and 8 to 10 pre-amplify the difference 
between the input signals and pass the difference signal to the next stage. In order to 
further increase the output voltage swing and to make sure a minimum output load is 
attached to node C, a traditional MOS input amplifier (such as a single-ended source- 
follower amplifier) can be used. This is shown in Figure 11. Alternatively, node C may 
be attached to another single-transistor current-mirror circuit for further amplification, 
as shown in Figure 12. Essentially, the node C is connected to the gate of a transistor 
T 35 which is connected between VSS and the output of the second single transistor 
current mirror. In addition, with reference to figure 10 and as shown in Figure 13a, the 
basic circuit can be expanded by introducing additional transistor switches. In figure 
13a, transistor T l2 is connected between V BIAS and the gate of transistor T 14 . Additional 
non-overlapping clock pulses such as that shown in Figure 13b will also be required. In 
figure 13a; Q> x is applied to the gate of T 12 , <I> 2 is applied to the gate of T 10 and G> 3 is 
applied to the gate of T n . 

The circuits described above in relation to figures 5 to 13 can be modified to 
improve performance. When Ol goes down, the nodal voltage at nodes C and M are 
pulled down by the voltage feed-through effect at T 3 and T 10 . Node C suffers the 
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voltage feed-through effect from both T 3 and T 10 and hence a greater disturbance results. 
This disturbance could lead to an unexpected output spike at the second comparator 
stage. To avoid this problem, additional transistors T 6 and T 7 may be introduced to 
isolate node C from transistor T P The circuit of figure 8 modified in this way is 
illustrated in figure 14. Additional transistors T 6 and T 7 are connected in parallel with 
each other and have their gates each effectively connected with a respective one of the 
two current source switches (T 10 and T n ), so as to receive the respective drive signal (O x 
and Oj) applied to the current source switches. 

Simulation results for the circuit as shown in Figure 9 with this modification 
added are shown in Figure 15, with the circuit using polysilicon TFTs. V c falls during 
the falling edge of <D U but rises by the same amount during the rising edge of 
therefore the initial operating point of V c during 0 2 is unaffected! 

Figures 16 and 17 illustrate schematically how the input stage can be interfaced 
to a subsequent stage. Figure 18 is a detailed circuit diagram of the input and self-bias 
comparator, in accordance with a preferred example of the present invention. The first 
stage of the circuit is exactly the circuit of figure 14. The output node C is connected to 
the input of a self bias comparator, the body of which comprises transistors T 2 , T 4 , T 5 , 
T 12 , T 13 , T 14 and T 17 together with capacitors C 2 and C 3 . The output stage of the self bias 
comparator comprises transistors T 8 and T 9 . Node C is connected to the source of both 
of transistors T 4 and T I2 . The drains thereof are respectively coupled through capacitors 
C2 and C3 to the respective gates of T 2 and T 17 . The drains of T 4 and T 12 are also 
respectively connected to the source of T 5 and T 13 . The drain of both f 5 and T 13 are both 
connected to VSS. Control signal <Dj is applied to the gates of T 4 and T 13 . Control 



signal <D 2 is applied to the gates of T 5 and T 12 . The gates of T 2 and T 17 are connected to 
each other and to the source of a transistor T 14 , whose drain is connected to the source of 
T 17 and whose gate receives signal <& v The source of T 2 is connected to VDD and it's 
drain is connected to the source of T 17 . The drain of T l7 is connected to VSS. The 
interconnection of the drain of T 2 and the source of T 17 provides the output to the gates 
of both T 8 and T 9 . The source of T 8 is connected to VDD. The drain of T 9 is connected 
to VSS and the interconnection between the drain of T 8 and the source of T 9 provides 
the final circuit output. 

This invention can be used in detecting the peak and valley in a fingerprint 
sensor. An example of a fingerprint sensor circuit is shown in Figure 19. The current 
source for 1^ is the output signal from a sensor pixel of an active matrix sensor array. 
Thus, comparing figure 19 with figure 14 it will be seen that the' reference current 
source is provided by transistor T 20 , whose gate receives a voltage V„ and that the 
sensing current source is provided by transistor T 2l , whose gate receives a voltage V 2 . 
Respectively between T 20 and T 10 and between T 21 and T u are active matrix selection 
switches T 15 and T 18 , and, T 16 and T 19 . When the sensing cell is selected the voltage 
VDD is applied to the gates of all of transistors T 15 , T 18 , T 16 and T 19 . 

Figure 20 shows an embodiment of a current sensor circuit having a self-bias 
charge-balance comparator as the output stage. The input stage is the circuit of figure 
19 and the same self bias comparator as shown in figure 18 forms the output stage. The 
driving scheme is shown in Figure 21. A non-overlap waveform generator outputs 
and 0 2 which are applied as inputs to a first and second current sensor as well as to a 
multiplexor and latch circuit. The two current sensors receive an input current 1^ and 



10 



have their respective outputs connected to the multiplexor and latch circuit. The output 
of the multiplexor and latch circuit is fed through an output buffer stage so as to provide 
the final circuit output. The timing diagram for the circuit explained in figures 20 and 
21 is shown in Figure 22. 

The aforegoing description has been given by way of example only and it will be 
appreciated by a person skilled in the art that modifications can be made without 
departing from the scope of the present invention. For example, in figure 20 if the P 
type transistors are replaced by N type transistors and visa versa then V DD becomes Vss 
and Vss becomes V DD . 



11 



Claims: 

1 A differential circuit comprising a single transistor current mirror, including a 

capacitor connected to the transistor by a switch, and two current sources connected to 
the current mirror by respective and independent switches, the switch of one of the 
current sources being operated together with the capacitor switch so as to charge the 
capacitor and the switch of the other current source being operated so that the circuit 
operates as a source-follower amplifier with a current-source load. 

2. A differential circuit as claimed in claim 1 wherein the said switches are each 
implemented as an n-channel transistor. 

3. A differential circuit as claimed in claim 1 or claim 2, wherein one or more of 
the current sources is implemented as an independent transistor. 

4. A differential circuit as claimed in claim 1 or claim 2, wherein the current 
sources are implemented by a single transistor with the gate thereof connected via the 
two said current .source switches to respective voltage inputs. 

5. A differential circuit as claimed in claim 4, wherein at least one additional 
switch is connected to the gate of the said current source single transistor, the additional 
switch being operated by a drive signal which is independent of and non-overlapping 
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with drive signals applied to the said current source switches and which operably 
applies an independent voltage to the gate of the said current source single transistor. 

6. A differential circuit as claimed in any preceding claim, wherein the output of 
the current mirror is connected to a MOS input amplifier. 

7. A differential circuit as claimed in any of claims 1 to 5, wherein the output of 
the current mirror is connected to the input of a second single transistor current mirror. 

8. A differential circuit as claimed in any preceding claim, wherein the said two 

current source switches are connected to the single transistor current mirror via a 

i 

transistor pair comprising two transistors connected in parallel with each other and 
having their gates each effectively connected with a respective one of the said two 
current source switches, so as to receive the respective drive signal applied to the said 
two current source switches. 

9. A differential circuit as claimed in claim 8, wherein the output of the said 
single transistor current mirror is connected to a self bias comparator via the said 
transistor pair. 

10. A differential circuit as claimed in any preceding claim, wherein current source 
connectable so that the circuit operates as a source-follower amplifier with a current- 
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source load is the output of a sensor pixel of an active matrix sensor array. 

11. An electronic device having a differential circuit as claimed in any preceding 
claim. 
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Abstract 



A single transistor current-mirror is interfaced with a suitable load in 
combination with a suitable set of switches to accomplish a comparator function. In 
particular, the differential circuit comprises a single transistor current mirror, including 
a capacitor connected to the transistor by a switch, and two current sources connected to 
the current mirror by respective and independent switches, the switch of one of the 
current sources being operated together with the capacitor switch so as to charge the 
capacitor and the switch of the other current source being operated so that the circuit 
operates as a source-follower amplifier with a current-source load. The comparator 
function is, thus, not influenced by the spatial distribution of the characteristics of the 
transistors used to implement the circuit. 
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